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(54) METHOD, SYSTEM AND DEVICE FOR WIRELESS NETWORK CONVERGENCE

TRANSMISSION

(57) Amethod, systems, and device for radio network
aggregation are applied in communication technologies.
The method, for radio network aggregation transmission,
includes: obtaining location information of a user equip-
ment of at least two radio networks; obtaining, according
two the location information, network load information of
each radio network where the equipment is currently lo-

cated; determining, according to the network load infor-
mation and a preset policy, a way in which data streams
of the user equipment are transmitted by using the at
least two radio access technologies; and transmitting the
data streams of the user equipment in the determined
way. Thereby, radio network aggregation is implement-
ed,
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Description

[0001] This application claims priority to Chinese Pat-
ent Application No. 201110092172.2, filed with the Chi-
nese Patent Office on April 13, 2011 and entitled "METH-
OD, SYSTEM, AND DEVICE FOR RADIO NETWORK
AGGREGATION", which is incorporated herein by refer-
ence in its entirety.

FIELD OF THE INVENTION

[0002] The presentinvention relates tothe field of com-
munications technologies, and in particular, to a method,
system, and device for radio network aggregation.

BACKGROUND OF THE INVENTION

[0003] In the development process of mobile commu-
nication networks, due to constraints of various condi-
tions, emerging broadband mobile communication net-
works and conventional networks will coexist for a long
time. For example, when a Universal Mobile Telecom-
munications System (Universal Mobile Telecommunica-
tions System, UMTS) network launched by the 3rd Gen-
eration Partnership Project (3rd Generation Partnership
Project, 3GPP) organization develops towards a Long
Term Evolution (Long Term Evolution, LTE) network, the
UMTS network and the LTE network will coexist for a
long time.

[0004] A mobile communication network consists of a
radio access network (Radio Access Network, RAN) and
a core network (Core Network, CN). A user equipment
(User Equipment, UE) accesses the core network
through the radio access network via an air interface.
The air interface is closely related to a radio access tech-
nology (Radio Access Technology, RAT) used by the mo-
bile communication network. For better description, the
mobile communication network corresponding to the ra-
dio access technology is hereinafter referred to as aradio
network. The UMTS and the LTE are two different radio
access technologies, and radio networks corresponding
to the UMTS and the LTE are referred to as a UMTS
network and an LTE network respectively. Atransmission
channel that the user equipment establishes on a radio
network is referred to as a radio access. One transmis-
sion channel is a bearer (Bearer) of the radio access
technology, for example, the bearers on the UMTS net-
work and the LTE network are referred to as UMTS bear-
ers and LTE bearers respectively.

[0005] In the process of evolution from the UMTS net-
work to the LTE network, the number of users and data
traffic on the LTE network increase gradually on the LTE
network, while the average user rate is reduced. Howev-
er, as the number of users and data traffic on the UMTS
network are gradually reduced, the spectrum utilization
of the UMTS network is reduced. Therefore, in a process
of relocation from the UMTS network to the LTE network,
spectrum resources on the UMTS network need to be
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effectively utilized to prevent a decline in the user expe-
rience due to overload of the LTE network spectrum in
the middle to late period of the relocation.

[0006] To prevent the occurrence of the foregoing
problems, a method for radio network aggregation trans-
mission is used, that is, multiple radio accesses of one
user equipment are aggregated, which ensures that orig-
inal UMTS resources can be fully utilized and prevents
problems such as co-channel interference and adjacent-
channel interference between network systems. A meth-
od for radio network aggregation includes: introducing a
mobile access router (Mobile Access Router, MAR) at a
user side, where the mobile access router aggregates
different radio access technology links at the user side,
for example, UMTS and WLAN radio links, and serves
to allocate Internet Protocol (Internet Protocol, IP) pack-
ets to each radio link in an uplink direction and provide
each terminal user with a data access through a local
area network; and introducing a MAR server proxy (MAR
Server Proxy) device at the network side, where the MAR
server proxy serves to allocate IP packets to each radio
link in a downlink direction.

[0007] However, in this solution to radio network ag-
gregation, such function entities as the MAR router and
server proxy need to be introduced, which increases sys-
tem complexity and costs. Another method for radio net-
work aggregation proposed by the 3GPP organization
can simplify the structure of the network system. Specif-
ically, at least one routing filter (Routing filter) is config-
ured on the user equipment and a Packet Data Network
(Packet Data Network, PDN) gateway respectively,
where the configured routing filter includes such features
as source/destination IP address, source/destination
port number, and protocol type, and is used to match IP
packet streams of the same features; the user equipment
configures the IP addresses corresponding to each radio
access (including a non-3GPP radio access and a 3GPP
radio access) as different care-of addresses (Care-of Ad-
dresses, CoAs); each radio access passes through the
PDN gateway, where each routing filter on the PDN gate-
way corresponds to a care-of address. In this way, in the
downlink direction, the PDN gateway routes IP packet
streams matched by the routing filter to a radio network
corresponding to the care-of address; similarly, in the
uplink direction, the routing filter of the user equipment
performs offloading control on the IP packet streams.
[0008] The method for radio network aggregation pro-
posed by the 3GPP organization is applicable to the ag-
gregation of non-3GPP and 3GPP radio accesses. In ad-
dition, in the process of radio network aggregation, the
radio accesses in the uplink and downlink directions are
fixed. Therefore, resources of each radio network cannot
be utilized properly.

SUMMARY OF THE INVENTION

[0009] Embodiments of the present invention provide
a method, system, and device for radio network aggre-
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gation to effectively utilize resources of each radio net-
work on an aggregated network.

[0010] An embodiment of the present invention pro-
vides a method for radio network aggregation transmis-
sion, including:

obtaining location information of a user equipment
on at least two radio networks;

obtaining, according to the location information, net-
work load information of each radio network where
the user equipment is currently located;
determining, according to the network load informa-
tion and a preset policy, a way in which data streams
of the user equipment are transmitted by using at
least two radio access technologies; and
transmitting the data streams of the user equipment
in the determined way.

[0011] An embodiment of the present invention pro-
vides a method for network aggregation transmission,
including:

detecting a way in which data streams of a user
equipment are transmitted by using atleast two radio
access technologies in a downlink direction, where
the way in which the data streams of the user equip-
ment are transmitted by using the at least two radio
access technologies in the downlink direction is de-

termined by a Packet Data Network (PDN) gateway
according to network load information of at least two
radio networks where the user equipmentis currently
located;

determining, according to the detected way, a way
in which data streams of the user equipment are
transmitted by using the at least two radio access
technologies in an uplink direction; and
transmitting uplink data streams of the user equip-
ment from a corresponding radio network to a packet
core network in the determined way.

[0012] An embodiment of the present invention pro-
vides a gateway device, including:

a location obtaining unit, configured to obtain loca-
tion information of a user equipment on at least two
radio networks;

aload obtaining unit, configured to obtain, according
to the location information obtained by the location
obtaining unit, network load information of each radio
network where the user equipment s currently locat-
ed;

a determining unit, configured to determine, accord-
ing to the network load information obtained by the
load obtaining unitand a preset policy, away in which
data streams of the user equipment are transmitted
by using the at least two radio access technologies;
and

a data transmitting unit, configured to transmit the
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data streams of the user equipment according to the
way determined by the determining unit.

[0013] An embodiment of the present invention pro-
vides a user equipment, including:

a downlink detecting unit, configured to detect a way
in which data streams of the user equipment are
transmitted by using at least two radio access tech-
nologies in a downlink direction, where the way in
which the data streams of the user equipment are
transmitted by using the at least two radio access
technologies in the downlink direction is determined
by a Packet Data Network (PDN) gateway according
to network load information of at least two radio net-
works where the user equipment is currently located;
an uplink information determining unit, configured to
determined, according to the way detected by the
downlink detecting unit, a way in which data streams
of the user equipment are transmitted by using the
at least two radio access technologies in an uplink
direction; and

a data access unit, configured to transmit uplink data
streams of the user equipment from a corresponding
radio network to a packet core network according to
the way determined by the uplink information deter-
mining, unit.

[0014] An embodiment of the present invention pro-
vides a system for network aggregation transmission, in-
cluding a user equipment and a PDN gateway device,
where the user equipment includes:

a downlink detecting unit, configured to detect a way
in which data streams of the user equipment are
transmitted by using at least two radio access tech-
nologies in a downlink direction, where the way in
which the data streams of the user equipment are
transmitted by using the at least two radio access
technologies in the downlink direction is determined
by the Packet Data Network (PDN) gateway accord-
ing to network load information of at least two radio
networks where the user equipment is currently lo-
cated;

an uplink information determining, unit, configured
to determine, according to the way detected by the
downlink detecting unit, a way in which data streams
of the user equipment are transmitted by using the
at least two radio access technologies in an uplink
direction; and

a data access unit, configured to transmit uplink data
streams of the user equipment from a corresponding
radio network to a packet core network according to
the way determined by the uplink information deter-
mining unit; and

the PDN gateway device is configured to deter-
mined, according to the network load information of
the at least two radio networks where the user equip-
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ment is currently located, the way in which the data
streams of the user equipment are transmitted by
using the at least two radio access technologies in
the downlink direction.

[0015] Inthe network aggregation transmission in em-
bodiments of the present invention, the PDN gateway
obtains network load information of each radio network
where the user equipment is currently located according
to the location information of the user equipment on at
least two radio networks, and determines, according to
the network load information and a preset policy, a way
in which data streams of the user equipment are trans-
mitted by using the at least two radio access technolo-
gies, and finally transmits the data streams of the user
equipment in the determined way. In this way, the data
volume of streams transmitted by using each radio ac-
cess technology is allocated properly on an aggregated
network according to the actual load conditions of the
network, so that the resources of each radio network on
the aggregated network are effectively utilized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] To make the technical solutions in embodi-
ments of the present invention or in the prior art clearer,
the accompanying drawings for illustrating the embodi-
ments of the present invention or the prior art are briefly
described below. Apparently, the accompanying draw-
ings illustrate only some exemplary embodiments of the
present invention, and persons of ordinary skill in the art
can derive other drawings from such accompanying
drawings without creative efforts.

[0017] FIG. 1 is a flowchart of a method for radio net-
work aggregation transmission according to an embod-
iment of the present invention;

[0018] FIG. 2is a schematic structural diagram of con-
trolling data streams in a dynamic way according to an
embodiment of the present invention;

[0019] FIG. 3is aflowchart of another method for radio
network aggregation transmission according to a second
embodiment of the present invention;

[0020] FIG. 4a is a schematic structural diagram of a
UMTS/LTE aggregated network where an SGSN sup-
ports an S3/S4 interface according to an embodiment of
the present invention;

[0021] FIG. 4a is a schematic structural diagram of a
UMTS/LTE aggregated network where an SGSN does
not support an S3/S4 interface according to an embodi-
ment of the present invention;

[0022] FIG. 5is a schematic structural diagram of es-
tablishing bearers of a user equipment on a UMTS net-
work and an LTE network according to an embodiment
of the present invention;

[0023] FIG. 6 is a flowchart of controlling UMTS and
LTE bearers in a semi-staticway to transmit data streams
of a user equipment according to an embodiment of the
present invention;
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[0024] FIG. 7 is a flowchart of controlling UMTS and
LTE bearers in a dynamic way to transmit data streams
of a user equipment according to an embodiment of the
present invention;

[0025] FIG. 8 is a flowchart of switching a current LTE
(or UMTS) network transmission state to a network ag-
gregation transmission state according to an embodi-
ment of the present invention;

[0026] FIG. 9 is a schematic structural diagram of a
gateway device according to an embodiment of the
present invention;

[0027] FIG. 10is a schematic structural diagram of an-
other gateway device according to an embodiment of the
present invention;

[0028] FIG. 11is a schematic structural diagram of an-
other gateway device according to an embodiment of the
present invention; and

[0029] FIG. 12 is a schematic structural diagram of a
user equipment according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0030] The technical solutions provided in embodi-
ments of the present invention are hereinafter described
clearly and completely with reference to the accompany-
ing drawings. Apparently, the embodiments described
below are exemplary only, without covering all embodi-
ments of the present invention. All other embodiments
that persons of ordinary skill in the art obtain based on
embodiments of the present invention without creative
efforts also fall within the scope of the present invention.

Method Embodiment 1

[0031] A method for radio network aggregation trans-
mission is used to aggregate different radio access using
a uniform packet core network, for example, aggregating
the UMTS access and LTE radio access. In addition, a
user equipment may access the packet core network
through at least two different radio interfaces. The meth-
od provided in this embodimentis executed by a gateway
between a uniform packet core network and an external
packet network, that is, a PDN gateway. As shown in
FIG. 1, the method includes the following steps:

[0032] Step 101: Obtain location information of a user
equipment on at least two radio networks.

[0033] In this embodiment, the user equipment ac-
cesses the packet core network through atleast two radio
interfaces, that is, bearers of at least two radio access
technologies are established between the user equip-
ment and the PDN gateway. The location information can
indicate a current location of the user equipment on a
radio network, and the location information may be iden-
tifier information of a current cell of the user equipment,
identifier information of a routing area where the user
equipment is located, identifier information of a tracking
area where the user equipment is located, or other infor-
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mation.

[0034] In the processes that the user equipment at-
taches to a radio network, and establishes, modifies or
deletes radio network bearers, an access service net-
work gateway sends the current location information of
the user equipment to the PDN gateway, where the ac-
cess service network gateway is a serving network node
through which the user equipment accesses the packet
core network, for example, a Serving GPRS Support
Node (Serving GPRS Support Node, SGSN) on a UMTS
network, a Mobility Management Entity (Mobility Man-
agement Entity, MME) on an LTE network, and a Serving
Gateway (Serving Gateway, S-GW). Therefore, the PDN
gateway may obtain the location information of the user
equipment from the access service network gateway.
[0035] Step 102: Obtain, according to the location in-
formation, network load information of each radio net-
work where the user equipment is currently located.
[0036] The networkload information of aradio network
where the user equipment is currently located may be
information such as the number of active users, network
load rate, and data throughput or data transmission rate
of the radio network where the user equipment is cur-
rently located.

[0037] In a mobile communication system, an opera-
tion support system (Operation Support System, OSS)
is a comprehensive service operation and management
platform. Network related information is stored in the
OSS system, including state information such as network
load information. The PDN gateway may query the OSS
system for load information of a corresponding area net-
work indicated by the location information of the user
equipment.

[0038] Step 103: Determine, according to the network
load information and a preset policy, a way in which data
streams of the user equipment are transmitted by using
at least two radio access technologies.

[0039] The preset policy may include one or multiple
pieces of the following information: The traffic scaling fac-
tor between a first radio network and a second radio net-
work is a preset value; a same data stream is transmitted
by using a same radio access technology in uplink and
downlink directions, for example, uplink and downlink da-
ta of a same Transmission Control Protocol (Transmis-
sion Control Protocol, TCP) connection is transmitted by
using a same radio access technology; the number of
network users in a corresponding area of the first radio
network is smaller than a preset value; the uplink data
streams ofthe user equipment are transmitted preferably
by using a second radio access technology, and when
the data transmission rate of the second radio network
is smaller than a preset value, downlink data streams are
transmitted by using a first radio access technology.
[0040] Itis understandable thatthe PDN gateway may
consider only the actual load on a network to determine
a way in which data streams are transmitted by using a
radio access technology, which enables that require-
ments in the preset policy can be met after the data

10

15

20

25

30

35

40

45

50

55

streams of the user equipment are transmitted by using
a bearer of a corresponding radio access technology, so
that load balancing between each radio network is im-
plemented.

[0041] The PDN gateway may consider not only the
actual network load but also application layer data stream
information of the user equipment, that is, the PDN gate-
way may consider other information such as data trans-
mission based on actual requirements of the user equip-
ment, to determine away in which data streams are trans-
mitted by using aradio access technology, which enables
that not only the requirements in the preset policy but
also the actual requirements of the user equipment can
be met after data streams of the user equipment are
transmitted by using the bearer of a corresponding radio
access technology. In this way, load balancing between
each radio network can be implemented, and quality of
service requirements of the user equipment can be met.
[0042] The way in which the data streams of the user
equipment are transmitted by using at least two radio
access technologies that is determined by the PDN gate-
way may include: which radio access technology and
which bearer of the radio access technology are used to
transmit each uplink data stream and each downlink data
stream of the user equipment.

[0043] The application layer data stream information
of the user equipment refers to information such as the
maximum allowable transmission rate, a total data vol-
ume, and the maximum allowable delay of uplink and
downlink data streams to be transmitted. The user equip-
ment may obtain the application layer data stream infor-
mation through an application layer message during the
creation of a session (Session), for example, it obtains
the application layer data stream information through a
Session Initiation Protocol (Session Initiation Protocol,
SIP) message, a File Transfer Protocol (File Transmis-
sion Protocol, FTP), and a Hypertext Transfer Protocol
(Hypertext Transmission Protocol, HTTP) message; the
PDN gateway may obtain the application layer data
stream information of the user equipment by querying a
policy and charging rules function (Policy and Charging
Rule Function, PCRF) entity or by using a built-in deep
packetinspection (Deep Packet Inspection, DPI) function
of the PDP gateway.

[0044] Step 104: Transmit the data streams of the user
equipment in the determined way.

[0045] It should be noted that the PDN gateway may
configure a bearer of each radio access technology in
the uplink and/or downlink direction for the user equip-
ment according to the determined way in which data
streams are transmitted by using each radio access tech-
nology, thatis, which radio access technology and which
bearer of the radio access technology are used to trans-
mit each uplink data stream and/or each downlink data
stream of the user equipment. In this way, in the downlink
direction, the PDN gateway transmits the downlink data
streams of the user equipment according to a configured
bearer of a radio access technology in the downlink di-
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rection; in the uplink direction, the user equipment trans-
mits the uplink data streams of the user equipment ac-
cording to the configured bearer of the radio access tech-
nology in the uplink direction.

[0046] As known above, in the radio network aggrega-
tionin this embodiment of the presentinvention, the PDN
gateway obtains network load information of each radio
network where the user equipment is currently located
according to the location information of the user equip-
ment on at least two radio networks, and determines,
according to the network load information and a preset
policy, a way in which data streams of the user equipment
are transmitted by using the at least two radio access
technologies, and finally transmits the data streams of
the user equipment in the determined way. Therefore,
the data volume transmitted by using each radio access
technology is allocated properly on an aggregated net-
work according to the actual load conditions of the net-
work, so that the resources of each radio network on the
aggregated network are effectively utilized.

[0047] The method for radio network aggregation
transmission in this embodiment of the present invention
is a transmission method by using which the user equip-
ment accesses the packet core network through at least
two radio interfaces. In a specific embodiment, before
step 101, the PDN gateway further executes the following
step:

[0048] Step 100: Establish bearers of atleast two radio
access technologies with the user equipment, and store
identifier information of the user equipment and identifier
information of the bearers of the at least two radio access
technologies.

[0049] The established bearers of the radio access
technologies refer to data transmission channels based
on the radio access technologies, which are established
betweenthe user equipmentand the packet core network
after the user equipment attaches to the radio network.
Specifically, the bearers may be established by using
any one or multiple of the following ways: The user equip-
ment establishes one PDN connection of bearers of mul-
tiple radio access technologies through the PDN gate-
way; the user equipment establishes bearers of different
radio access technologies with multiple PDNs, that is,
one part of the PDN connections established by the user
equipment through a PDN gateway adopt the bearers of
one radio access technology, while the other part of the
PDN connections established by the user equipment
through the PDN gateway adopt the bearers of another
radio access technology.

[0050] It should be noted that in the process of estab-
lishing bearers in this embodiment, when a PDN connec-
tion is established, bearers of multiple radio access tech-
nologies established by the same user equipment use a
same PDN address, that is, a same |IP address, which
prevents the waste of address resources.

[0051] Afterthebearersare established, the PDN gate-
way may control, in a semi-static way and/or dynamic
way, the allocation of data streams to be transmitted by
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adopting each radio access technology. Details are as
follows:

[0052] (1) Data streams are controlled in a semi-static
way: When the data streams are controlled, the PDN
gateway differentiates, through a traffic flow template
(traffic flow template, TFT) and/or a PDN connection,
bearers of each radio access technology established be-
tween the user equipment and the PDN gateway.
[0053] In this embodiment, PDN connections may be
used to differentiate the bearers of different radio access
technologies. Specifically, when the user equipment es-
tablishes multiple PDN connections through the PDN
gateway, the following may be configured: the user
equipment adopt different radio access technologies for
different PDN connections, for example, the user equip-
ment establishes five PDN connections through the PDN
gateway, where three PDN connections of the user
equipment adopt a radio access technology A, while the
other two PDN connections of the user equipment adopt
a radio access technology B.

[0054] The bearers of different radio access technolo-
gies may be differentiated through traffic flow templates.
To differentiate data streams transmitted over bearers
from application layer data packets, each bearer corre-
sponds to one TFT. A TFT is a group of packet filters
(packetfilters), where each packet filter may include such
features as a source/destination IP address, a protocol
type, and a portrange and is used to match and separate
data streams with the same features. Specifically, when
the same PDN connection that the user equipment es-
tablishes through the PDN gateway has multiple data
streams, the following may be configured: different data
streams in the PDN connection between the user equip-
ment and the PDN are transmitted by using different radio
access technologies. Because these data streams cor-
respond to different TFTs, they can be differentiated from
the application layer data packets, and transmitted
through the bearers of corresponding radio access tech-
nologies.

[0055] No matter whether the bearers of different radio
access technologies are differentiated through PDN con-
nections or through TFTs, the PDN gateway may control,
in a semi-static way, the transmission of data streams
through each radio access technology when step 103 is
executed. Specifically, this may be implemented through
the following step A1 or step B1:

[0056] Step A1: Determine, only according to the net-
work load information obtained in step 102 and a preset
policy, a traffic flow template TFT and a radio access
technology that correspond to a bearer used to transmit
the data streams of the user equipment in the uplink di-
rection and/or the downlink direction.

[0057] In the bearer establishment process, the user
equipment carries an identifier of a radio access technol-
ogy corresponding to the bearer in a bearer request.
Therefore, the PDN gateway knows the radio access
technology corresponding to the bearer established be-
tween the PDN gateway and the user equipment, and
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the user equipment also knows the radio access tech-
nology corresponding to the established bearer.

[0058] In this case, the PDN gateway may, according
to the actual network load and the preset policy, deter-
mine a way in which uplink and/or downlink data streams
are transmitted by using a radio access technology. In
this way, after the data streams of the user equipment
are transmitted by using the bearer of a corresponding
radio access technology, requirements in the preset pol-
icy can be met, and load balancing between each radio
network can be implemented. The preset policy is de-
scribed in step 103, and is not further described.

[0059] The data stream transmission way determined
by the PDN gateway may include: data streams trans-
mitted in the uplink and downlink directions, where each
data stream corresponds to one TFT; and bearers of ra-
dio access technologies used to transmit data streams.
[0060] Step B1: Determine, according to the network
load information, service layer data stream information
of the user equipment, and the preset policy, a traffic flow
template and a radio access technology that correspond
to a bearer used to transmit the data streams of the user
equipment in the uplink direction and/or the downlink di-
rection.

[0061] Itis understandable that when the way in which
data streams of the user equipment in the uplink
and/downlink direction are transmitted is determined, the
way in which data streams are transmitted may be de-
termined according to the actual load information in a
current network and data transmission based require-
ments of the user equipment. In this way, after the data
streams of the users equipment are transmitted through
a bearer of a corresponding radio access technology, not
only the requirements in the preset policy can be met,
but also the actual requirements of the user equipment
can be met. Therefore, load balancing between each ra-
dio network can be implemented, and quality of service
requirements of the user equipment can be met. The pre-
set policy is described in step 103, and is not further de-
scribed.

The data stream transmission way determined by the
PDN gateway may include: data streams transmitted in
the uplink and downlink directions, where each data
stream corresponds to one TFT; and bearers of radio
access technologies used to transmit data streams.
[0062] After the way in which data streams are trans-
mitted is determined in a semi-static way, when the data
stream transmissionin step 104 is executed, in the down-
link direction, the PDN gateway transmits the downlink
data streams of the user equipment according to a con-
figured bearer of a radio access technology in the down-
link direction; in the uplink direction, the user equipment
transmits the uplink data streams of the user equipment
according to the configured bearer of the radio access
technology in the uplink direction.

[0063] It should be noted that when the data streams
are controlled in a semi-static way, a bearer of a same
radio access technology should be used to transmit a
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same data stream, that is, an uplink or downlink data
stream of a same TCP connection. This prevents TCP
performance loss caused by great differences between
transmission delays when a same data stream is trans-
mitted by using different radio access technologies.
[0064] (2) The datastreamsare controlled inadynamic
way: In a dynamic way, bearers of different radio access
technologies corresponding to a same PDN connection
that the user equipment establishes through the PDN
gateway may adopt a same TFT.

[0065] To control data streams in a dynamic way, the
PDN gateway determines only the way in which data
streams are transmitted in the downlink direction, while
the way in which data streams are transmitted in the up-
link direction is determined by the user equipment (de-
scribed in the following Embodiment 2). In this case,
when determining the way in which data streams of the
user equipment are transmitted by using at least two radio
access technologies in the downlink direction, the PDN
gateway may determine a data volume or a data volume
proportion of data streams transmitted by using a bear
of eachradio access technology in the downlink direction.
Step 104 may be implemented by the following steps:
[0066] Step A2: Select, according to the determined
data volume or data volume proportion, a radio access
technology used to transmit the data streams of the user
equipment in the downlink direction.

[0067] Step B2: Transmit the data streams of the user
equipment in the downlink direction by using the bearer
of the selected radio access technology.

[0068] Itis understandable thatwhenthe PDN gateway
selects a radio access technology, the data volume or
data volume proportion of streams transmitted by using
each radio access technology in the downlink direction
should comply with the data volume or data volume pro-
portion that the PDN gateway determines according to
the network load information.

[0069] AsshowninFIG.2,aTFT1onthe PDNgateway
matches and separates downlink data streams of a user
equipment 1, while a TFT2 matches and separates down-
link data streams of a user equipment 2. After the data
volume of streams transmitted, by using a radio access
technology 1 and/or 2 in the downlink direction is deter-
mined in a dynamic way, a radio access technology se-
lection function entity selects, according to the deter-
mined data volume of streams transmitted in the downlink
direction, aradio access technology thatis used to trans-
mit the downlink data streams, and transmits the down-
link data streams ofthe user equipmentby using the bear-
er of the selected radio access technology 1 and/or 2.
[0070] It should be noted that when the data streams
are controlled in a dynamic way, bearers of different radio
access technologies may be used to transmit a same
data stream, that is, an uplink or downlink data stream
of a same TCP connections. In this way, the traffic of the
user equipment on different radio access networks may
be controlled dynamically and flexibly.

[0071] Because bearers of different radio access tech-
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nologies in a dynamic way may use a same TFT, the
PDN gateway may configure a same TFT for the bearers
of multiple different radio access technologies, so that
the bearers can carry data streams with the same QoS
requirements. This prevents TCP performance loss
caused by great differences between transmission de-
lays when bearers of different radio access technologies
are used to transmit a same data stream, thatis, an uplink
or downlink data stream of a same TCP connection.
[0072] Inthis embodiment of the presentinvention, the
user equipment accesses the packet core network
through at least two radio interfaces. In this case, the
user equipment is in a network aggregation transmission
state; the user equipment may exit a radio network, and
access the packet core network only through one radio
interface. At this time, the user equipment is in a single
network transmission state.

[0073] Inanotherspecificembodiment, the user equip-
ment may switch between the single network transmis-
sion state and the network aggregation transmission
state. Details are as follows:

[0074] (1) Assuming that the user equipment is cur-
rently located on afirst radio network, the user equipment
may switch from the single network transmission state
to the network aggregation transmission state in the fol-
lowing cases, that is, the user equipment attaches to a
radio network other than the first radio network, for ex-
ample, a second radio network.

[0075] a1. The user equipment automatically enables
a function of network aggregation transmission.

[0076] b1. The user equipment does not disable the
function of network aggregation transmission; the user
equipment carries data streams by using only a radio
access technology 1 due to factors such as the network
coverage; the user equipment reenters the coverage ar-
ea of other radio networks.

[0077] c1. The user equipment does not disable the
function of network aggregation transmission; the user
equipment exits a radio network 1 due to the network
overload of the radio network 1 (or other factors); the
user equipment needs to re-establish the bearer of the
radio network 1 when the cause for exiting the user equip-
ment from the radio network 1 is eliminated.

[0078] In the cases a1 and b1, the user equipment di-
rectly initiates an attach request to the second radio net-
work. After the packet core network receives the attach
request, it establishes a bearer of a second radio access
technology between the PDN gateway and the user
equipment. In the case c1, the PDN gateway is required
to detect the actual condition of the second network, for
example, detect whether the network load of the second
radio network is within a preset range; if so, the PDN
gateway establishes a bearer of the second radio access
technology with the user equipment.

[0079] (2) The user equipment may switch from the
network aggregation transmission state to the single net-
work transmission state in the following cases:

[0080] a1. The user equipment automatically disables
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the function of network aggregation transmission.
[0081] b2. The user equipment leaves the coverage
area of any one radio network due to the movement of
the user equipment.

[0082] c2. The user equipment cannot communicate
through a radio network due to factors, such as the radio
network is abnormal or the user equipment enters the
dead zone of the radio network.

[0083] d2. The user equipment needs to exit a radio
network due to factors, such as the network overload of
the radio network where the user equipment is located.
[0084] In the case a2, the user equipment directly ini-
tiates a detach request to the any one radio network; in
the case b2, if the user equipment detects that the signal
strength of a radio network is smaller than a preset
threshold, the user equipment initiates a detach request
to the radio network; in the case c2, a radio network ini-
tiates a detach request of the user equipment to another
radio network. When the PDN gateway receives the de-
tach request, the PDN gateway deletes the bearer of the
user equipment on another radio network.

[0085] In the case d2, the PDN gateway may detect
whether the network load of any one radio network where
the user equipment is located exceeds a preset range;
if so, the PDN gateway deletes the bearer of the radio
network.

Method Embodiment 2

[0086] A method for radio network aggregation trans-
mission is used to aggregate different radio networks us-
ing a uniform packet core network, for example, UMTS
and LTE radio networks. In addition, a user equipment
may access the packet core network through at least two
different radio interfaces. The method provided in this
embodiment is executed by the user equipment. As
shown in FIG. 3, the method includes the following steps:
[0087] Step 201: Detect a way in which data streams
of the user equipment are transmitted by using at least
two radio access technologies in the downlink direction.
[0088] Itis understandable thata dynamic way is used
to control the transmission of uplink data streams by us-
ing differentradio access technologies. Because the user
equipment cannot obtain related network load condi-
tions, when the user equipment performs dynamic traffic
control on the uplink data streams, a reverse synchroni-
zation method may be used, that is, the way in which
data streams are transmitted by using at least two radio
access technologies in the downlink direction is detected,
for example, bearers of radio access technologies in the
downlink data streams received by the user equipment.
[0089] The way in which data streams of the user
equipment are transmitted by using at least two radio
access technologies in the downlink direction is deter-
mined by the PDN gateway in a dynamic way and ac-
cording to the network load information of at least two
radio networks where the user equipment is currently lo-
cated. A specific determining method is as described in
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Embodiment 1, and is not further described.

[0090] Step 202: Determine, according to the detected
way, a way in which data streams of the user equipment
are transmitted by using the at least two radio access
technologies in the uplink direction.

[0091] When the way in which data streams are trans-
mitted in the uplink direction is determined, the user
equipment may determined, according to a volume pro-
portion of data carried by using at least two radio access
technologies in the downlink direction or according to a
preset calculation relationship, a way in which data
streams of the user equipment are transmitted in the up-
link direction. For example, the data volume proportion
carried by using at least two radio access technologies
in the downlink direction is used as the data volume pro-
portion carried by using at least two radio access tech-
nologies in the uplink direction; or the data volume pro-
portion carried by using at least two radio access tech-
nologiesin the uplink direction is equal to the data volume
proportion carried by using a radio access technology in
the downlink direction multiplied by a scaling factor,
where the scaling factor may be configured inside the
user equipment or dynamically configured by the network
side through signaling.

[0092] It should be noted that because a high speed
packet access (High Speed Packet Access, HSPA) tech-
nology has poor uplink transmission performance and
low transmission efficiency, the user equipment does not
use the HSPA to transmit user data in the uplink direction,
but uses the HSPA to transmit L1, L2 or L3 control sig-
naling, and so on, necessary for the air interface. In this
way, when uplink data streams are transmitted, power
consumption of the user equipment may also be reduced.
[0093] Step 203: Transmit uplink data streams of the
user equipment from a corresponding radio network to a
packet core network in the determined way.

[0094] As known above, in the radio network aggrega-
tion transmission in this embodiment of the present in-
vention, the user equipment determines, according to the
detected way in which data streams are transmitted by
using at least two radio access technologies in the down-
link direction, a way in which data streams are transmitted
by using at least two radio access technologies in the
uplink direction, and transmits the uplink data streams
from a corresponding radio network to the packet core
network in the determined way. Because the information
of data streams of the user equipment in the downlink
directionis allocated properly according to the actual load
conditions of the network, resources of each radio net-
work on the aggregated network are effectively utilized.
[0095] The method for radio network aggregation
transmission in this embodiment of the present invention
is a transmission method by using the user equipment
accesses the packet core network through at least two
radio interfaces. In a specific embodiment, before step
201, the user equipment further executes the following
step:

[0096] Step 200: Establish bearers of atleast two radio
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access technologies with the PDN gateway.

[0097] When the user equipment establishes bearers
with the PDN gateway, it may use any one or multiple of
the following ways: The user equipment establishes one
PDN connection of bearers of multiple radio access tech-
nologies through the PDN gateway; the user equipment
establishes bearers of different radio access technolo-
gies with multiple PDNs, that is, one part of the PDN
connections established by the user equipment through
the PDN gateway adopt the bearers of one radio access
technology, while the other part of the PDN connections
established by the user equipment through the PDN gate-
way adopt the bearers of another radio access technol-
ogy.

[0098] In this embodiment, the user equipment estab-
lishes bearers of multiple radio access technologies of a
same PDN connection through the PDN gateway and by
using a same PDN address, that is, an IP address. In this
way, waste of address resources is prevented. In addi-
tion, the user equipment establishes bearers of different
radio access technologies corresponding to different
PDN connections through the PDN gateway and by using
different IP addresses, while the PDN gateway can know,
according to the identifier information of the user equip-
ment, bearers of which radio access technologies are
established by the user equipment.

[0099] The aggregation of a UMTS network and an
LTE network is described below.

[0100] On the UMTS/LTE aggregated network, there
is auniform packet core network. An LTE network system
includes such network elements as a Mobility Manage-
ment Entity, a Serving Gateway, a PDN gateway, and a
policy and charging rules function; a UMTS network sys-
temincludes such network elements as a Serving GPRS
Support Node, a PCRF, and a PDN gateway.

[0101] AsshowninFIG. 43, in the case that the SGSN
of the UMTS system supports an S3/S4 interface, a
UMTS radio access network is connected to the SGSN
through an lu interface, while the SGSN is connected to
the MME and the S-GW through an S3 interface and an
S4 interface. The UMTS radio access network may also
be connected directly to the S-GW through an S12 inter-
face; the LTE radio access network is connected to the
MME and the S-GW through a control plane interface SI-
mme and a user plane interface S1u, respectively, and
the MME and the S-GW are connected through a control
plane interface S11. The S-GW is connected to the PDN
gateway through an S5 interface, while the PDN gateway
is connected to the packet core network through an SGi
interface. Meanwhile, the PDN gateway is connected to
the PCRF through a Gx interface.

[0102] AsshowninFIG. 4b, in the case thatthe SGSN
of the UMTS system does not support the S3/S4 inter-
face, the structure of the aggregated network is similar
to that of the aggregated network where the SGSN sup-
ports the S3/S4 interface, with the following differences:
In the aggregated network, the SGSN is connected to
each of the MME and the PDN gateway through a Gn
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interface, and the UMTS radio access network cannot
be connected to the S-GW directly through the S12 in-
terface.

[0103] The method for radio network aggregation
transmission in this embodiment of the present invention
may be applicable to the aggregated network systems
shown in FIG. 4a and FIG. 4b. In addition, in this embod-
iment, the user equipment has the LTE/UMTS aggrega-
tion transmission function. The network system notifies,
by using a broadcast message, the user equipment of
the fact that the network system supports the function of
LTE/UMTS network aggregation transmission; a user
may enable the LTE/UMTS aggregation transmission
function of the user equipment through the broadcast
message, and access the network system. To save pow-
er, the LTE/UMTS aggregation transmission function of
the user equipment may be disabled, that is, only the
LTE network system orthe UMTS network system is used
to transmit data streams.

[0104] Specifically, in the case that the SGSN of the
UMTS system supports the S3/S4 interface, the following
steps are executed:

[0105] (1) Establish bearers of the UMTS and the LTE
between the user equipment and the packet core net-
work.

[0106] AsshowninFIG.5,inone case, the user equip-
ment may firstly access the LTE radio network and com-
plete the network attachment (Network Attachment) to
establish an LTE bearer with the PDN gateway. In this
process, the network side may allocate an IP address to
the user equipment. In addition, the established LTE
bearer may include a default bearer (default bearer) or
include a default bearer and at least one dedicated bear-
er. Specifically, the established LTE bearer includes a
radio bearer (Radio Bearer, RB) between the user equip-
ment and the eNB (eNB) of the LTE radio network, an
S1 bearer between the eNB and the S-GW, and an S5
bearer between the S-GW and the PDN gateway. In this
way, the user equipment may send, through an uplink
TFT, corresponding data streams to the packet core net-
work by using the LTE bearer.

[0107] If the user equipment enables the LTE/UMTS
network aggregation function, when the user equipment
discovers that the current location is covered by the
UMTS network, the user equipment may access the
UMTS radio network by using the IP address that the
network side previously allocates to the user equipment.
After completing the network attachment, the user equip-
ment establishes a UMTS bearer with the PDN gateway.
The established UMTS bearer includes a Packet Data
Protocol Context (PDP Context) between the user equip-
ment and the SGSN or a Packet Data Protocol Context
or at least one secondary Packet Data Protocol Context
(Secondary PDP Context). Specifically, the established
UMTS bearer includes a radio access bearer (RAB) be-
tween the user equipment and the UMTS radio network
(RAN)andan lu bearer between the UMTS radio network
and the SGSN. The established UMTS bearer further
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includes a default bearer between the SGSN and the
packet core network or includes a default bearer and at
least one dedicated bearer. Specifically, the established
UMTS bearer further includes an S4 bearer between the
SGSN and the S-GW and an S5 bearer between the S-
GW and the PDN gateway.

[0108] In another case, the user equipment may firstly
access the UMTS radio network. After completing the
network attachment, the user equipment establishes a
UMTS bearer with the PDN gateway through independ-
ent bearer establishment signaling. If the user equipment
enables the LTE/UMTS network aggregation function,
when the user equipment discovers that the current lo-
cation is covered by the LTE network, it accesses the
LTE radio network and establishes an LTE bearer with
the PDN gateway.

[0109] Itshould be noted that the user equipment may
establish LTE and UMTS bearers of asame PDN through
the PDN gateway and by using a same IP address or
establish LTE and UMTS bearers of different PDN con-
nections through the PDN gateway and by using different
|IP addresses. In addition, after the LTE and UMTS bear-
ers are established, the PDN gateway may store the iden-
tifier information of the user equipment and identifier in-
formation of the LTE and UMTS bearers. In this way, the
PDN gateway may know which bearers are established
by the user equipment.

[0110] (2) Control the UMTS and LTE bearers in a
semi-static way to transmit data streams of the user
equipment. This is implemented by the following steps,
as shown in FIG. 6.

[0111] Step 2-1: The PDN gateway may obtain,
through user location information (User Location Infor-
mation, ULI) carried in a bearer management related
message, location information of the user equipment on
the LTE and UMTS radio networks. For example, the
PDN gateway may obtain the location information of the
user equipment on a network from the ULI carried in a
Create Session Request (Create Session Request), a
Bearer Resource Command (Bearer Resource Com-
mand), a Modify Bearer Request (Modify Bearer Re-
quest), an Update Bearer Request (Update Bearer Re-
sponse), a Delete Bearer Response (Delete Bearer Re-
sponse) or a Delete Session Request (Delete Session
Response).

[0112] The foregoing ULI may be a cell global identifier
(CGl), an evolved cell global identifier (ECGI), a routing
area identifier (RAI), and a tracking area identifier (TAI),
where: the CGI refers to the identifier of a UMTS cell
where the user equipment is located; the ECGI refers to
the identifier of an LTE cell where the user equipment is
located; the RAI refers to the identifier of a routing area
(Routing Area, RA) in a packet switched (PS) domain of
the UMTS systems, thatis, an area corresponding to one
or multiple geographic neighboring cells. When the of the
user equipment is changed, the user equipment may in-
itiate a routing area update (RAU) procedure to ensure
that the SGSN can exactly know the location of a new
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routing area where the user equipment is currently locat-
ed; the TAI refers to the identifier of a tracking area
(Tracking Area, TA) of the user equipment in the LTE
system, that is, an area corresponding to one or multiple
geographic neighboring cells. When the TA of the user
equipment is changed, the user equipment may initiate
a tracking area update (TAU) procedure to ensure that
the ME/S-GW can exactly know the location of a new
tracking area where the user equipment is currently lo-
cated.

[0113] It is understandable that, the SGSN and the
S-GW/MME send the ULIto the PDN gateway in the proc-
esses that the user equipment attaches to the network,
and establishes, modifies and deletes LTE and UMTS
bearers, including mobility Management processes such
as performing tracking area update (TAU) and routing
area update by the user equipment, and relocating such
network nodes as the SGSN and the S-GW/MME. In the
UMTS system, the SGSN provides the PDN gateway with
CGI and RAI information, while in the LTE system, the
S-GW/MME provides the PDN gateway with ECGI and
TAlinformation. Therefore, the PDN gateway can always
know the location information of the user equipment in
the UMTS system and the LTE system.

[0114] Step 2-2: The PDN gateway queries, according
to the obtained location information CGl and ECGI of the
user equipment on the UMTS and LTE networks, the
OSS system for network load information of the UMTS
and LTE networks where the user equipment is currently
located. The OSS system records such load related in-
formation as the average number of active users and
average traffic within a period of time in each RA or TA.
[0115] Step 2-3: The PDN gateway, under the current
QoS policy control mechanism, can obtain application
layer data stream information through the PCRF, and
determined, according to the network load information,
the application layer data stream information, and a pre-
set policy, a TFT and a radio access technology that cor-
respond to a bearer used to transmit data streams of the
user equipment by using the LTE and the UMTS in uplink
and downlink directions respectively. In this way, the
loads in the LTE and UMTS systems can be better con-
trolled, and the utilization and throughput of these two
systems can be maximized.

[0116] It is understandable that the user equipment
and the PDN gateway can exactly know whether the radio
access technology corresponding to each established
bearer is LTE or UMTS. When data streams are deter-
mined in a semi-static way, a TFT and/or a PDN connec-
tion may be used to differentiate the bearers of different
radio access technologies. Specifically, the TFT and ra-
dio access technology that correspond to a bearer used
to transmit data streams by using the LTE and UMTS are
determined, and uplink or downlink data streams of a
same TCP connection are transmitted by using the bear-
er of a same radio access technology.

[0117] Step 2-4: After determining the way in which
data streams are transmitted in uplink and downlink di-
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rections, the PDN gateway configures a bearer of each
radio access technology for the user equipment in the
uplink and downlink directions in the determined way,
and transmits the data streams of the user equipment by
using the configured bearers.

[0118] (3) Control the UMTS and LTE bearers in a dy-
namic way to transmit data streams of the user equip-
ment. This is implemented by the following steps, as
shown in FIG. 7.

[0119] Step3-1:The PDN gateway obtains the location
information of the user equipment on the LTE and UMTS
radio networks through the ULI carried in bearer man-
agement related messages, for example, CGI/ECGI and
RAI/TAI information.

[0120] Step 3-2: The PDN gateway queries, according
tothe obtained location information ofthe user equipment
on the UMTS and LTE radio networks, the OSS system
for network load information of these two networks where
the user equipment is currently located.

[0121] Step 3-3: The PDN gateway determines, ac-
cording to the network load information and a preset pol-
icy, away in which the data streams of the user equipment
are transmitted by using the LTE and UMTS in the down-
link direction, including the data volume of the downlink
data streams transmitted by using the LTE and the
UMTS, for example, a specific data volume or data vol-
ume proportion. In this way, the loads in the LTE and
UMTS systems can be better controlled, and the utiliza-
tion and throughput of these two systems can be maxi-
mized.

[0122] Step 3-4: The PDN gateway selects, according
to the determined data volume or data volume proportion
of the data streams transmitted in the downlink direction,
a corresponding LTE or UMTS, and transmits the down-
link data streams according to the bearer of the selected
LTE or the UMTS.

[0123] Itis understandable that when the way in which
data streams are transmitted is determined in a dynamic
way, a same TFT and/or PIN connection can correspond
to bearers of different radio access technologies. Spe-
cifically, different packets of a same data stream can be
transmitted by using different radio access technologies,
and the bearers of different radio access technologies
should have the same QoS.

[0124] The way in which data streams are transmitted
in the uplink direction is determined by the user equip-
ment by using a reverse synchronization method. That
is, the user equipment detects a way in which data
streams are transmitted by using the LTE and UMTS in
the downlink direction, and determines, according to the
detected way, a way in which data streams are transmit-
ted by using the LTE and the UMTS in the uplink direction.
Finally, the user equipment transmits the uplink data
streams from a corresponding LTE or UMTS radio net-
work to the packet core network in the determined way
in which data streams are transmitted in the uplink direc-
tion.

[0125] (4) Switch between the network aggregation
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transmission state and the single network transmission
state.

[0126] When the user equipment switches from the
LTE (or UMTS) network transmission state to the network
aggregation transmission state, the user equipment may
directly initiate an attach procedure to the UMTS (or LTE)
network. When the PDN gateway receives an attach re-
quest from the UMTS (or LTE) network, it establishes a
UMTS (or LTE) bearer with the user equipment.

[0127] As shown in FIG. 8, the user equipment may
also switch from a current LTE (or UMTS) network trans-
mission state to a network aggregation transmission
state by using the following steps:

[0128] Step 4-1: When the PDN gateway detects that
the load of the UMTS (or LTE) network where the user
equipment is located is within a preset range or other
causes, the PDN gateway decides to establish a bearer
of the UMTS (or LTE) radio access technology with the
user equipment.

[0129] Step 4-2: The PDN gateway sends a create
bearer request to the S-GW, and carries the identifier
information of the UMTS (or LTE) in the create bearer
request. Specifically, the PDN gateway may add an in-
formation elements "type of radio access technology" to
the create bearer request, and add the identifier informa-
tion of the UMTS (or LTE) to the newly added information
element.

[0130] Step 4-3: The S-GW judges, according to the
newly added information in the create bearer request, a
bearer of which radio access technology is established.
In this embodiments, the S-GW determines that a bearer
of the UMTS (or LTE) radio access technology is estab-
lished with the user equipment.

[0131] Step4-4: The S-GW forwards the create bearer
request to an MME or an SGSN; the MME or the SGSN
notifies the user equipment of the fact that the user equip-
ment is required to initiate an attach procedure and a
bearer establishment procedure to the UMTS (or LTE)
radio network.

[0132] When the user equipment switches from the
network aggregation transmission state to the LTE (or
UMTS) network transmission state, the user equipment
may directly initiate a detach procedure to the UMTS (or
LTE) radio network. When the PDN gateway receives a
detach request from the UMTS (or LTE) radio network,
it deletes the bearer of the UMTS (or LTE) with the user
equipment.

[0133] Or,whenthe PDN gateway detects that the load
ofthe UMTS (or LTE) radio network is too heavy, it sends
a Delete Bearer Request that carries the identifier infor-
mation of the UMTS (or LTE) to the S-GW. In this case,
the S-GW, according to the identifier information of the
UMTS (or LTE), notifies the user equipment through the
MME or the SGSN of the fact that the user equipmentis
required to initiate a detach procedure to the UMTS (or
LTE) radio network.

[0134] The method for radio network aggregation
transmission in the case that the SGSN of the UMTS
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system does not support the S3/S4 interface is similar to
the method for radio network aggregation transmission
in the case that the SGSN of the UMTS system supports
the S3/S4 interface, and is not further described.
[0135] An embodiment of the present invention pro-
vides a gateway device. The gateway device provided in
this embodimentmay be a PDN gateway and a schematic
structural diagram thereof is shown in FIG. 9. The gate-
way device includes: a location obtaining unit 10, a load
obtaining unit 11, a determining unit 12, and a data trans-
mitting unit 13.

[0136] The location obtaining unit 10 is configured to
obtain locationinformation of a userequipmenton atleast
two radio networks.

[0137] The location information can indicate a current
location of the user equipment on a radio network, and
the location information may be identifier information of
acurrent cell of the user equipment, identifier information
of a routing area where the user equipment is located,
or identifier information of a tracking area where the user
equipment is located, and so on.

[0138] The load obtaining unit 11 is configured to ob-
tain, according to the location information obtained by
the location obtaining unit 10, network load information
of each radio network where the user equipment is cur-
rently located.

[0139] The determining unit 12 is configured to deter-
mine, according to the network load information obtained
by the load obtaining unit 11 and a preset policy, a way
in which data streams of the user equipment are trans-
mitted by using the at least two radio access technolo-
gies.

[0140] The preset policy is the same as that described
in Embodiment 1, and is not further described.

[0141] Itis understandable thatthe determining unit 12
may consider only the actual load on a network to deter-
mine a way in which data streams are transmitted by
using a radio access technology. In this way, after the
data streams of the user equipment are transmitted by
using a bearer of the corresponding radio access tech-
nology, requirements in the preset policy can be met, so
that the load balancing is implemented between each
radio network.

[0142] The determining, unit 12 may consider not only
the actual network load but also application layer data
stream information of the user equipment, that is, other
information such as data transmission based require-
ments of the user equipment, to determine a way in which
data streams are transmitted by using a radio access
technology. In this way, after data streams of the user
equipment are transmitted by using a bearer of a corre-
sponding radio access technology, not only the require-
ments in the preset policy but also the actual require-
ments of the user equipment can be met. In this way,
load balancing between each radio network can be im-
plemented, and quality of service requirements of the
user equipment can be met.

[0143] The way in which the data streams of the user
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equipment are transmitted by using at least two radio
access technologies that is determined by the determin-
ing unit 12 may include: which radio access technology
and which bearer of the radio access technology are used
to transmit each uplink data stream and each downlink
data stream of the user equipment.

[0144] The data transmitting unit 13 is configured to
transmit the data streams of the user equipment accord-
ing to the way determined by the determining unit 12.
[0145] The data transmitting unit 13 may configures,
in the determined way in which data streams are trans-
mitted by using the bearers of each radio access tech-
nology, that is, which radio access technology and which
bearer of the radio access technology are used to trans-
mit each uplink data stream and/or each downlink data
stream of the user equipment, bearers of each radio ac-
cess technology in the uplink and/or downlink direction
for the user equipment. In this way, in the downlink di-
rection, the PDN gateway transmits the downlink data
streams of the user equipment according to a configured
bearer of a radio access technology in the downlink di-
rection; in the uplink direction, the user equipment trans-
mits the uplink data streams of the user equipment ac-
cording to the configured bearer of the radio access tech-
nology in the uplink direction.

[0146] As known above, in the gateway device provid-
ed in this embodiment of the present invention, the load
obtaining unit 11 obtains, according to the location infor-
mation of the user equipment on at least two radio net-
works that is obtained by the location obtaining unit, net-
work load information of each radio network where the
user equipment is currently located; the determining unit
12 determines, according to the network load information
and a preset policy, a way in which data streams of the
user equipment are transmitted by using the at least two
radio access technologies; and finally the data transmit-
ting unit 13 transmits the data streams of the user equip-
ment in the determined way. In this way, the data volume
transmitted by using each radio access technology is al-
located dynamically on an aggregated network according
to the actual load conditions of the network, so that the
resources of each radio network on the aggregated net-
work are effectively utilized.

[0147] Asshownin FIG. 10, in a specific embodiment,
the gateway device may further include a multiple-bearer
establishing unit 14 and a bearer deleting unit 15.
[0148] The multiple-bearer establishing unit 14 is con-
figured to establish bearers of at least two radio access
technologies with the user equipment, and store identifier
information of the user equipment and identifier informa-
tion of the bearers of the at least two radio access tech-
nologies.

[0149] The multiple-bearer establishing unit 14 may
establish bearers by using any one or multiple of the fol-
lowing ways: the user equipment establishes one PDN
connection of bearers of multiple radio access technol-
ogies through the PDN gateway; the user equipment es-
tablishes bearers of different radio access technologies
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with multiple PDNs, that is, one part of the PDN connec-
tions established by the user equipment through the PDN
gateway adopt the bearers of one radio access technol-
ogy, while the other part of the PDN connections estab-
lished by the user equipment through the PDN gateway
adopt the bearers of another radio access technology.
[0150] The bearer deleting unit 15 is configured to de-
lete a bearer of any one radio network where the user
equipmentis located if a detach request of the user equip-
ment on any one radio network is received or if it is de-
tected that the network load of any one radio network
where the user equipment is located exceeds a preset
range.

[0151] The multiple-bearer establishing unit 14 may in-
clude a single-bearer establishing unit 140 configured to
establish a bearer of a second radio network with the
userequipmentifan attach requestof the user equipment
on the second radio network is received or if it is detected
thatthe network load of the second radio network is within
apresetrange, where the second radio network is a radio
network other than a first radio network where the user
equipment is currently located.

[0152] Inthisembodiment, the single-bearer establish-
ing unit 140 of the multiple-bearer establishing unit 14
establishes the bearer of the second radio access tech-
nology with the user equipment, so that the user equip-
ment may be switched from the single network transmis-
sion state to the network aggregation transmission state;
the bearer deleting unit 15 deletes the bearer of any one
radio network where the user equipment is located, and
switches the user equipment from the network aggrega-
tion transmission state to the single network transmission
state.

[0153] As shown in FIG. 11, in another embodiment,
the determining, unit 12 may specifically include a first
determining unit 121, a second determining unit 122, and
a third determining unit 123, while the data transmitting
unit 13 may include a radio selecting unit 132 and a radio
routing unit 133.

[0154] The first determining unit 121 is configured to
determine a traffic flow template TFT and a radio access
technology that correspond to a bearer used to transmit
data streams of the user equipmentin the uplink direction
and/or the downlink direction.

[0155] The second determining unit 122 is configured
to determine, according to the network load information,
service layer data stream information of the user equip-
ment, and a preset policy, a traffic flow template TFT and
a radio access technology that correspond to a bearer
used to transmit the data streams of the user equipment
in the uplink direction and/or the downlink direction.
[0156] In this embodiment, the first determining, unit
121 and the second determining unit 122 control the data
streams in a semi-static way, and a bearer of a same
radio access technology should be used to transmit a
same data stream, that is, an uplink or downlink data
stream of a same TCP connection. This prevents TCP
performance loss caused by great differences between
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transmission delays when a same data stream is trans-
mitted by using different radio access technologies. Each
data stream corresponds to a TFT.

[0157] Atfter the first determining unit 121 and the sec-
ond determining, unit 122 in the gateway device deter-
mined, in semi-static allocation way, the way in which
uplink and/or downlink data streams are transmitted, the
data transmitting unit 13 configures bearers of each radio
access technology in the uplink and downlink directions
according to the way determined by the determining, unit
12, and transmits data streams in the uplink and downlink
directions according to the configured bearers.

[0158] The third determining unit 123 is configured to
determine a data volume or a data volume proportion of
the data streams of the user equipment that are trans-
mitted by using the atleasttworadio access technologies
in the downlink direction.

[0159] The radio selecting unit 132 is configured to se-
lect, according to the data volume or data volume pro-
portion, determined by the third determining unit 123 of
the determining unit 12, a radio access technology that
is usedto transmit the data streams of the user equipment
in the downlink direction.

[0160] The radio routing unit 133 is configured to trans-
mit the data streams of the user equipment in the down-
link direction by using a bearer of the radio access tech-
nology selected by the radio selecting unit 132.

[0161] In this embodiment, the gateway device con-
trols data streams in a dynamic way. The third determin-
ing unit 123 of the determining unit 12 determines, in a
dynamic way, the data volume or data volume proportion
of streams transmitted by using each radio access tech-
nology in the downlink direction; the radio selecting unit
132 selects, according to the data volume or data volume
proportion determined by the third determining unit 123,
aradio access technology that is used to transmit down-
link data streams, and the radio routing unit 133 transmits
downlink data by using the selected radio access tech-
nology.

[0162] Because bearers of different radio access tech-
nologies in a dynamic way may use a same TFT, the
following may be configured: a same TFT correspond to
the bearers of multiple different radio access technolo-
gies, so that the bearers can carry data streams with the
same QoS requirements. This prevents TCP perform-
ance loss caused by great differences between trans-
mission delays when bearers of different radio access
technologies are used to transmit a same data stream,
that is, an uplink or downlink data stream of a same TCP
connection.

[0163] An embodiment of the present invention pro-
vides a user equipment. As shown in FIG. 12, the user
equipment includes: a downlink detecting unit 20, an up-
link information determining unit 21, and a data access
unit 22.

[0164] The downlink detecting unit 20 is configured to
detecta way in which data streams of the user equipment
are transmitted by using at least two radio access tech-
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nologies in the downlink direction, where the way in which
the data streams of the user equipment are transmitted
by using the at least two radio access technologies in the
downlink direction is determined by a Packet Data Net-
work (PDN) gateway according to network load informa-
tion of at least two radio networks where the user equip-
ment is currently located.

[0165] The uplink information determining unit 21 is
configured to determine, according to the way detected
by the downlink detecting unit 20, a way in which data
streams of the user equipment are transmitted by using
the at least two radio access technologies in the uplink
direction.

[0166] When the uplink information determining unit
21 determines the way in which data streams are trans-
mitted in the uplink direction, it may determined, accord-
ing to a data volume proportion carried by using at least
two radio access technologies in the downlink direction
or according to a preset calculation relationship, a way
in which data streams of the user equipment are trans-
mitted in the uplink direction. For example, the data vol-
ume proportion carried by using at least two radio access
technologies in the downlink direction is used as the data
volume proportion carried by using at least two radio ac-
cess technologies in the uplink direction; or the data vol-
ume proportion carried by using atleast two radio access
technologies in the uplink direction is equal to the data
volume proportion carried by using a radio access tech-
nology in the downlink direction multiplied by a scaling
factor, where the scaling factor may be configured inside
the user equipment or dynamically configured by the net-
work side through signaling.

[0167] Thedataaccess unit22is configured totransmit
uplink data streams of the user equipment from a corre-
sponding radio network to a packet core network accord-
ing to the way determined by the uplink information de-
termining unit 21.

[0168] As known above, in the user equipment provid-
ed in this embodiment, the uplink information determin-
ing, unit 21 determines, according to the way in which
data streams are transmitted by using at least two radio
access technologies in the downlink direction detected
by the downlink detecting unit 20, a way in which data
streams are transmitted by the user equipment by using
at least two radio access technologies in the uplink di-
rection, and the data access unit 22 transmits the data
streams from a corresponding radio network to the pack-
et core network. Because the information of data streams
of the user equipment in the downlink direction is deter-
mined dynamically according to the actual load condi-
tions of the network, resources of each radio network on
the aggregated network are effectively utilized.

[0169] In a specific embodiment, the user equipment
further includes a bearer establishing unit 23 configured
to establish bearers of at least two radio access technol-
ogies through the PDN gateway.

[0170] When the bearer establishing unit 23 establish-
es a bearer with the PDN gateway, it may use any one



27 EP 2 574 096 A1 28

or multiple of the following ways: One PDN connection
that the bearer establishing unit 23 establishes through
the PDN gateway adopts bearers of multiple radio access
technologies; the bearer establishing unit 23 establishes
bearers of different radio access technologies with mul-
tiple PDNs, that is, one part of the PDN connections that
the bearer establishing unit 23 establishes through the
PDN gateway adopt the bearers of one radio access tech-
nology, while the other part of the PDN connections that
the bearer establishing unit 23 establishes through the
PDN gateway adopt the bearers of another radio access
technology.

[0171] Inthis embodiment, the bearer establishing unit
23 establishes bearers of multiple radio access technol-
ogies of a same PDN connection through the PDN gate-
way and by using a same PDN address, that is, an IP
address. In this way, waste of address resources is pre-
vented. In addition, the bearer establishing unit 23 es-
tablishes bearers of different radio access technologies
corresponding to different PDN connections through the
PDN gateway and by using different IP addresses, while
the PDN gateway can know, according to the identifier
information of the user equipment, bearers of which radio
access technologies are established by the user equip-
ment.

[0172] An embodiment of the present invention pro-
vides a system for radio network aggregation, where mul-
tiple radio networks have a uniform packet core network.
The system includes a user equipment and a PDN gate-
way device, where the user equipment is the same as
that shown in FIG. 12.

[0173] The PDN gateway device is configured to de-
termined, according to network load information of at
least two radio networks where the user equipment is
currently located, away in which data streams of the user
equipment are transmitted by using at least two radio
access technologies in a downlink direction.

[0174] Allunitsin the user equipment and the gateway
device provided in this embodiment of the presentinven-
tion can perform network aggregation transmission ac-
cording to the methods provided in Embodiment 1 and
Embodiment 2, and details are not described herein.
[0175] Inconclusion, by using the method, system, and
device for radio network aggregation in embodiments of
the present invention, the PDN gateway obtains, accord-
ing to the location information of the user equipment on
at least two radio networks, network load information of
eachradio network where the user equipmentis currently
located, and determines, according to the network load
information and a preset policy, a way in which data
streams of the user equipment are transmitted by using
the at least two radio access technologies, and finally
transmits the data streams of the user equipment in the
determined way. In this way, the data volume of streams
transmitted by using each radio access technology is al-
located properly on an aggregated network according to
the actual load conditions of the network, so that the re-
sources of eachradio network on the aggregated network

10

15

20

25

30

35

40

45

50

55

15

are effectively utilized.

[0176] Itis understandable to persons of ordinary skill
in the art that all or a part of the steps in the methods
according to the preceding embodiments may be per-
formed by hardware instructed by a program. The pro-
gram may be stored in a computer readable storage me-
dium, such as a ROM, a RAM, a magnetic disk, and a
CD-ROM.

[0177] Detailed above are a service processing meth-
od, system, and device provided by the embodiments of
the presentinvention. Although the invention is described
through some exemplary embodiments, the invention is
not limited to such embodiments. It is apparent that per-
sons of ordinary skill in the art can make various modifi-
cation and variations to the invention without departing
from the spirit and scope of the invention. The invention
shall cover the modification and variations provided that
they fall in the scope of projection defined by the following
claims or equivalents thereof.

Claims

1. A method for radio network aggregation transmis-
sion, comprising:

obtaining location information of a user equip-
ment on at least two radio networks;

obtaining, according to the location information,
network load information of each radio network
where the user equipment is currently located;
determining, according to the network load in-
formation and a preset policy, a way in which
data streams of the user equipment are trans-
mitted by using at least two radio access tech-
nologies; and

transmitting the data streams of the user equip-
ment in the determined way.

2. The method according to claim 1, wherein before the
obtaining location information of a user equipment
on at least two radio networks, the method further
comprises:

establishing bearers of at least two radio access
technologies with the user equipment, and stor-
ing identifier information of the user equipment
and identifier information of the bearers of the
at least two radio access technologies.

3. The method according to claim 2, wherein the es-
tablishing bearers of at least two radio access tech-
nologies with the user equipment comprises:

if an attach request of the user equipment on a
second radio network is received or itis detected
that a network load of the second radio network
is within a preset range, establishing a bearer
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of a second radio access technology with the
user equipment; wherein:

the second radio network is a radio network
other than a first radio network where the
user equipment is currently located.

The method accordingto claim 3, wherein the atleast
two radio networks comprise a Universal Mobile Tel-
ecommunications System UMTS network and a
Long Term Evolution LTE network and the establish-
ing a bearer of a second radio access technology
with the user equipment comprises:

sending, by a Packet Data Network PDN gate-
way, a create bearer request to a Serving Gate-
way S-GW, wherein the create bearer request
comprises identifier information of the second
radio access technology; and

notifying, by the S-GW according to the identifier
information of the second radio access technol-
ogy, the user equipment through a Mobility Man-
agement Entity MME or a Serving GPRS Sup-
port Node SGSN, so that the user equipment
initiates an attach procedure and a bearer es-
tablishment procedure on the second radio net-
work.

The method according to claim 1, further comprising:

if a detach request of the user equipment on any
one radio network is received or it is detected
that a network load of any one radio network
area where the user equipment is located ex-
ceeds a preset range, deleting a bearer of the
user equipment on the any one radio network.

The method accordingto claim 5, wherein the atleast
two radio networks comprise a Universal Mobile Tel-
ecommunications System UMTS network and a
Long Term Evolution LTE network and the deleting
a bearer of the user equipment on the any one radio
network comprises:

sending, by a Packet Data Network PDN gate-
way, a Delete Bearer Requestto a Serving Gate-
way S-GW, wherein the Delete Bearer Request
comprises identifier information of the any one
radio access technology; and

notifying, by the S-GW according to the identifier
information of the any one radio access technol-
ogy, the user equipment through a Mobility Man-
agement Entity MME or a Serving GPRS Sup-
port Node SGSN, so that the user equipment
initiates a detach procedure onthe any oneradio
network.

The method according to any one of claims 1 to 6,
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wherein:

the determining, according to the network load
information and a preset policy, a way in which
data streams of the user equipment are trans-
mitted by using at least two radio access tech-
nologies comprises: determining a traffic flow
template TFT and a radio access technology
that correspond to a bearer used to transmit the
data streams of the user equipment in an uplink
direction and/or a downlink direction; or,
determining, according to the network load in-
formation, service layer data stream information
of the user equipment, and the preset policy, a
traffic flow template TFT and a radio access
technology that correspond to a bearer used to
transmit the data streams of the user equipment
in the uplink direction and/or the downlink direc-
tion.

8. The method according to any one of claims 1 to 6,

wherein:

the determining, according to the network load
information and a preset policy, a way in which
data streams of the user equipment are trans-
mitted by using at least two radio access tech-
nologies comprises: determining a data volume
or a data volume proportion of the data streams
of the user equipment that are transmitted by
using the at least two radio access technologies
in a downlink direction;

the transmitting the data streams of the user
equipment according to determined traffic con-
trol information comprises:

selecting, according to the determined data
volume or data volume proportion, a radio
access technology that is used to transmit
the data streams of the user equipment in
the downlink direction; and

transmitting the data streams of the user
equipment in the downlink direction by us-
ing a bearer of the selected radio access
technology.

9. A method for network aggregation transmission,

comprising:

detecting a way in which data streams of a user
equipment are transmitted by using at least two
radio access technologies in a downlink direc-
tion, wherein the way in which the data streams
of the user equipment are transmitted by using
the at least two radio access technologies in the
downlink direction is determined by a Packet Da-
ta Network PDN gateway according to network
load information of the at least two radio net-
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works where the user equipment is currently lo-
cated;

determining, according to the detected way, a
way in which data streams of the user equipment
are transmitted by using the at least two radio
access technologies in an uplink direction; and
transmitting uplink data streams of the user
equipment from a corresponding radio network
to a packet core network in the determined way.

10. The method according to claim 9, wherein before the

detecting the way in which the data streams of the
user equipment are transmitted, by using at least two
radio access technologies in the downlink direction,
the method further comprises:

establishing bearers of at least two radio access
technologies through the PDN gateway.

11. A gateway device, comprising:

a location obtaining unit, configured to obtain
location information of a user equipment on at
least two radio networks;

a load obtaining unit, configured to obtain, ac-
cording to the location information obtained by
the location obtaining unit, network load infor-
mation of each radio network where the user
equipment is currently located;

a determining, unit, configured to determined,
according to the network load information ob-
tained by the load obtaining unit and a preset
policy, a way in which data streams of the user
equipment are transmitted by using at least two
radio access technologies; and

a data transmitting unit, configured to transmit
the data streams of the user equipment accord-
ing to the way determined by the determining
unit.

12. The gateway device according to claim 11, further

comprising:

a multiple-bearer establishing unit, configured
to establish bearers of the at least two radio ac-
cess technologies with the user equipment, and
store identifierinformation of the user equipment
and identifier information of the bearers of the
at least two radio access technologies.

13. The gateway device according to claim 12, wherein

the multiple-bearer establishing unit comprises:

a single-bearer establishing unit, configured to
establish a bearer of a second radio networks
with the user equipment if an attach request of
the user equipment on the second radio network
is received or it is detected that a network load
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of the second radio network is within a preset
range, wherein the second radio network is a
radio network other than a first radio network
where the user equipment is currently located.

14. The gateway device according to claim 11, further

comprising:

a bearer deleting unit, configured to delete a
bearer on any one radio network where the user
equipment is located if a detach request of the
user equipment on the any one radio network is
received or it is detected that a network load of
the any one radio network where the user equip-
ment is located exceeds a preset range.

15. The gateway device according to any one of claims

11 to 14, wherein the determining unit comprises:

a first determining unit, configured to determine
a traffic flow template TFT and a radio access
technology that correspond to a bearer used to
transmit the data streams of the user equipment
inan uplink direction and/or a downlink direction;
and

a second determining unit, configured to deter-
mined, according to the network load informa-
tion, service layer data stream information of the
user equipment, and the preset policy, a traffic
flow template TFT and a radio access technol-
ogy that correspond to a bearer used to transmit
the data streams of the user equipment in the
uplink direction and/or the downlink direction.

16. The gateway device according to any one of claims

11 to 14, wherein the determining unit comprises a
third determining unit configured to determine a data
volume or a data volume proportion of data streams
of the user equipment that are transmitted by using
the atleast two radio access technologies in a down-
link direction;

the data transmitting unit comprises:

a radio selecting unit, configured to select, ac-
cording to the data volume or data volume pro-
portion determined by the third determining unit,
aradio access technology that is used to trans-
mit the data streams of the user equipment in
the downlink direction; and

a radio routing unit, configured to transmit the
data streams of the user equipment in the down-
link direction by using a bear of the radio access
technology selected by the radio selecting unit.

17. A user equipment, comprising:

a downlink detecting unit, configured to detect
a way in which data streams of the user equip-
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ment are transmitted by using at least two radio
access technologies in a downlink direction,
wherein the way in which the data streams of
the user equipment are transmitted by using the
at least two radio access technologies in the 5
downlink direction is determined by a Packet Da-
ta Network PDN gateway according to network
load information of at least two radio networks
where the user equipment is currently located;
an uplink information determining unit, config- 70
ured to determine, according to the way detect-
ed by the downlink detecting unit, a way in which
data streams of the user equipment are trans-
mitted by using the at least two radio access
technologies in an uplink direction; and 15
a data access unit, configured to transmit uplink
data streams of the user equipment from a cor-
responding radio network to a packet core net-
work according to the way determined by the
uplink information determining, unit. 20

18. The user equipment according to claim 17, further
comprising:

a bearer establishing unit, configured to estab- 25
lish bearers of the atleast two radio access tech-
nologies through the PDN gateway.

19. A system for network aggregation transmission,
comprising a user equipment and a PDN gateway 30
device, wherein the user equipment is the user
equipment according to claim 17; and
the PDN gateway device is configured to determine,
according to network load information of at least two
radio networks where the user equipmentis located, 35
a way in which data streams of the user equipment
are transmitted by using at least two radio access
technologies in a downlink direction.
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and a preset policy, the data volume or data volume proportion of the data
streams of the user equipment transmitted by using the LTE and the UMTS
in the downlink direction

¥

The PDN gateway selects a corresponding LTE or UMTS, and transmits
downlink data streams according to a bearer of the selected radio access
technology

FIG. 7
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1 4-1
The PDN gateway decides to establisha |/
bearer of the UMTS (or LTE) radio access /
technology with the user equipment
¥
The PDN gateway sends a create bearer | ; 4-2
request to the SGW, where the create bearer |/
request includes identifier information of the
UMTS (or LTE)
Y /43
The SGW judges the UMTS (or LTE) bearer
established with the user equipment
%
The SGW notifies the user equipment 4.4
through the MME or the SGSN, requiring the |/
user equipment to initiate an attach procedure |
and a bearer establishment procedure on the
UMTS (or LTE) radio network
FIG. 8
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